Mitral valvotomy is of established value in improving the clinical condition and life expectancy of patients with rheumatic mitral stenosis. Its value in preventing or reducing the incidence of systemic arterial embolism is less certain. A comparison of pre-and post-operative embolic incidence can only be accepted if it is clear that the method of assessing the pre-operative figure is reliable. It is shown that the figure varies according to the length of the pre-operative study, and evidence is presented to show a changing incidence with increasing length of chronic rheumatic history. By studying patients in whom the time of onset of rheumatic heart disease is accurately known, a rising embolic incidence with the passage of time is shown. A comparison is made between groups of patients who have experienced the same length of chronic rheumatic history but who differ in respect of mitral valvotomy. We conclude from our comparison that this operation does not diminish the incidence of embolism, though only about a quarter of all our patients had atrial appendagectomy at the time of valvotomy. A reduction in the incidence of recurrent embolism in a given patient after mitral valvotomy is shown but may be more apparent than real. Operative embolism, defined here as that occurring either at or within 48 hours of operation, has an incidence of 3-8%. The factors related to pre-operative, operative, and postoperative embolism are presented.
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It is now clearly established that mitral valvotomy improves survival in patients with mitral stenosis (Ellis, Harken, and Black, 1959; Olesen and Baden, 1961; Greenwood, Aldridge, and McKelvey, 1963 ), but there is still dispute as to whether the risk of systemic arterial embolism is reduced by the procedure. Belcher and Somerville (1955) stated, 'a successful valvotomy will not prevent further systemic embolism, but there is reason to believe it will reduce its incidence'. This belief was generally held for some years (Ellis, Connolly, Kirklin, and Parker, 1958; Likoff and Uricchio, 1958; Ellis et al., 1959; Baker and Hancock, 1960) . Bannister (1960) followed up a group of patients with mitral stenosis in whom operation was deferred because of slight or trivial symptoms and concluded that, in view of the high incidence of embolism, valvotomy should be performed before the development of progressive LPresent address: The Hospital for Sick Children, Great Ormond Street, London W.C.1 2Hospital for Sick Children, 555 University Avenue, Toronto 2, Canada dyspnoea in all but young patients still in sinus rhythm.
Surgery has also been recommended as an urgent procedure in patients with recent systemic embolism to prevent further embolic episodes (Ellis, Abelmann, and Harken, 1957; Glenn and McNeill, 1957) . These arguments are acceptable only if it is shown that valvotomy reduces embolic incidence. Taber and Lam (1960) and Kellogg, Liu, Fishman, and Larson (1961) have questioned the earlier belief, the latter workers stating that 'mitral valvotomy does not prevent systemic emboli and does not decrease the natural incidence of such emboli'. This view is supported by Szekely (1964) but opposed by Harken (1961), Greenwood et al. (1963) , Lowther and Turner (1962) , and Bakoulas and Mullard (1966) .
The present study represents a further contribution to this controversy and seeks to determine, first, the overall embolic incidence before and after mitral valvotomy, and, second, whether Wood (1954 Wood ( , 1956 and Kellogg et al. (1961) , being cerebral in 60%, peripheral in 30%, and visceral in 10%.
Data relating cardiac rhythm to age at the time of the patient's first examination are shown in Table I . Fifty-two per cent of the total had sinus rhythm and 48% had atrial fibrillation at this time, whereas in the patients with a pre-operative systemic embolus 25 7 % were in sinus rhythm and 74-3% were in atrial fibrillation.
The relation between the age at which embolism occurred and cardiac rhythm at the time of the first attendance is shown in Table II . Bannister (1960) and Szekely (1964) decade would show a gradual increase. The findings of the presenit study are shown in Table III and do not appear to support previous conclusions concerning the effect of increasing age. Nevertheless, it would seem that any statement concerning pre-operative or post-operative emboli incidence must take into account the possibility of the incidence altering with time.
We thought that it might be the duration of the rheumatic process within the heart rather than the chronological age of the patient which was important in the genesis of emboli. We therefore studied, from the original 298 patients, a subgroup of 170 patients in whom a clear history of rheumatic fever or chorea was available. Taking the year of this initial illness as year zero, we recurrences. The 48 patients were followed up for a total of 157 patient-years between the time of the first embolus and mitral valvotomy, the incidence of embolic recurrence before operation being 11.5% per patient-year.
After mitral valvotomy 47 of these patients (there being one operative death) have been followed for 183 patient-years and 11 embolic episodes have occurred, a post-operative incidence of 6% per patient-year. It is to be noted that in six cases the post-operative embolism was fatal. The number of patients studied after an initial embolic episode was thought to be too small to justify analysis in relation to the duration of the rheumatic process. However, the effect of a rising embolic risk with time would be to minimize the apparent effect of mitral valvotomy in preventing further embolism. DISCUSSION 
PRE-OPERATIVE EMBOLIC INCIDENCE
Previous authors (Ellis et al., 1959; Bannister, 1960; Kellogg et al., 1961 ; Greenwood et al., 1963 ; Szekely, 1964) , in discussing the effect of mitral valvotomy on the incidence of systemic embolism, have found difficulty in determining the pre-operative incidence. In any retrospective study it has proved impossible to define the point at which vulnerability to systemic embolism begins in the course of the natural history of chronic rheumatic heart disease.
The variation in pre-operative incidence as recorded by various authors is quoted in Table  VII . We noted during our analysis that the cal- culated incidence before and after operation depended on the number of years chosen for study. Thus, considering patients who had a mitral valvotomy between the ages of 41 and 50 years, if we took four years before and after operation, the calculated embolic incidence was 5 4 % per patient-year and 2-2% per patient-year respectively. However, if a six-year period before and after operation were chosen quite different results of 3-7% and 3-8 % per patient-year were obtained. Probable reasons for these findings are that, first, during the pre-operative period patients have been referred for valvotomy because of the occurrence of embolism, thus tending to concentrate the embolic incidents in the years immediately before operation. Secondly, with regard to postoperative embolic incidence, we have noted low incidence initially after valvotomy which increases after four years. The manner in which a varying pre-and post-operative embolic incidence can readily be produced, depending on the period chosen for comparison, is shown in the Figure. In constructing this figure, initial pre-operative and post-operative embolic episodes occurring in the whole group of 298 patients have been plotted according to their time-relation to mitral valvotomy. It is notable in Table VII that the duration of pre-operative study varied from four years (Bannister, 1960) to 20 years (Szekely, 1964 POST-OPERATIVE EMBOLISM Published reports of post-operative embolic incidence are tabulated in Table VIII . The figure of 26% per patient-year in this series is similar to that recorded by Szekely (1964) but higher than that of Ellis et al. (1959) , Ellis and Harken (1961) , and of Greenwood et al. (1963) . The variation in follow-up of the various series is also tabulated, as we have already commented on the increasing incidence in the later post-operative years. It is of interest to remember that in the series of Greenwood et al. (1963) there was a higher proportion of young patients who might be expected to be in the earlier years of rheumatic history. This, however, does not apply to the cases studied by Ellis et al. (1959) . As it has been shown that previous techniques employed for assessing pre-operative embolic incidence are likely to be inaccurate, it follows that a comparison with the post-operative incidence cannot be made.
We believe, however, that a comparison is valid along the lines set out in Tables IV and V. We have shown that the pre-operative embolic incidence is related to the length of the rheumatic history. It therefore becomes possible to compare groups of patients identical in this respect, who differ only in regard to whether or not they have had a mitral valvotomy. We conclude from this series that mitral valvotomy does not diminish the incidence of systemic embolism. Within the series as a whole there does appear to be a high vulnerability group who suffer recurrent embolism. At first sight, mitral valvotomy in this group appears significantly to reduce the incidence of embolism (115% to 6.0% per patientyear). However, it is to be noted that in six patients the post-operative embolus was fatal, thus removing from the post-operative series a significant group of potentially highly vulnerable cases.
Because of this, we feel that one cannot conclude from our data that mitral valvotomy reduces the embolic incidence in this particular type of patient.
FACTORS INFLUENCING OCCURRENCE OF EMBOLI
Atrial fibrillation Although systemic embolism occurs in patients in sinus rhythm, the frequency is greatly increased by the presence of atrial fibrillation. Szekely (1964) quotes a seven-fold increase in incidence and notes that when the duration of atrial fibrillation was known it was found that one-third of the emboli occurred within one month and two-thirds within 12 months of the onset of atrial fibrillation. In this study, which is largely retrospective, it has not proved possible to determine whether the increasing embolic incidence observed with the passage of time after rheumatic fever is entirely due or not to the increasing frequency of atrial fibrillation over the years. Bannister (1960) has shown an increased incidence of embolism over the age of 40 regardless of the cardiac rhythm. Kellogg et al. (1961) record that whereas 50% of their patients were in sinus rhythm before operation and although some in sinus rhythm converted to irregular rhythm as a result of the valvotomy, the number was small and, we believe, insufficient to explain the difference between pre-and post-operative embolic incidence.
Left atrial appendage Somerville and Chambers (1964) Baker, Brock, Campbell, and Wood (1952) . In many cases embolism had occurred some time before the patient was seen and a retrospective definition of effort tolerance is not accurate. Twelve per cent of emboli, however, occurred in apparently symptomless patients.
OPERATIVE EMBOLISM The operative embolic incidence of 3*7% found in this study is less than the generally accepted figure of 5% (Stephenson, 1966) , but in nine of the 11 cases the patient died as a result of the embolus, an operative embolic mortality of 3%, which compares with previous reports (American College of Chest Physicians, 1959; Kellogg et al., 1961; Stephenson, 1966) .
Six of the 11 patients (55%) who suffered operative embolism were seen to have atrial clot at the time of operation. This proportion with atrial clot is higher than in the series as a whole, the overall incidence of clot being 18%. Five of the 11 patients had calcification of the mitral valve, whereas this type of valve comprises only 6-2% of the total series, suggesting that calcium embolism may have occurred in some patients (Ellis and Harken, 1961) . Of the 11 patients, six had atrial fibrillation at the time of operation and five were in sinus rhythm. There was not an exact relationship between atrial fibrillation and atrial clot. Both were present on five occasions, while in one case atrial clot was associated with sinus rhythm.
As anticoagulants have not been widely used we are not able to comment on their value in reducing operative emboli (Smith, Umapathy, Bentall, and Cleland, 1965) . Stephenson (1966) records a low embolic operative mortality of 11 -I% in patients who have been given anticoagulants before operation, but comments on two cases in whom death from haemorrhage occurred and which may have been attributable to this treatment.
In a retrospective series such as this, insufficient information has been recorded to assess whether any particular surgical manoeuvre will lessen the chance of operative embolism. Operative embolism has occurred with about equal frequency with digital and instrumental valvotomy. Coulshed et al. (1964) noted that the latter technique had an embolic incidence at operation of 6-5%, compared with 3-5% with digital valvotomy. 
